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Abstract — This paper wastrying to find out a suitable hydraulic

model for studying the frequency characteristics between blood
pressure waveforms and systemic blood distribution. In the
hydraulic model, the elastic tubes smulated the aorta and its
major branches. The small balloonswith different stiffnesswere
used as organs. We used two kinds of tubesto test the hydraulic
model and tried to find out suitable material to smulate the
aorta and its major branches. We also used different volume of
balloons to smulate the organs. The sdf-designed pump that
could generate arbitrary pressure waves and pure sinusoidal
waves was used to smulate the heart. For each different output
wavefor ms of the pump, we measur ed the flow into each balloon
by ultrasonic transducer and the pressure at the same sites by
strain gauge transducer. Summary of the experiments showed
that thelatex tube was suitable material than silicon tube. In
this way, this paper provides a framework for future effortsin
hydraulic model andanimal model experimentsfor the systemic
circulation.
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|. INTRODUCTION

This study was trying to find out a suitable hydraulic
model to understand the relationship between arterial blood
pressure and blood flow. We also wanted to emphasizeon the
relation between blood distribution and frequency
characteristics of blood pressure waveforns.

We built an arterial model [1-2] and designed a pressure
pump [3]. The arterial model was built with the elastic tubes
to simulate the vessal andthe balloons to simulate the organs.
We used two kinds of tubesto simulate the vessels. The small
balloons with different volume were to simulate the different
organs. The pressure pump basing on a linear motor coul d
accurately synchronize with an animal’ s heartbeatsby using a
phase-lock loop (PLL) technique. It has great flexibility and
the ability to generate both arbitrary pressure waves and pure
sinusoidal waves. We used the pressure pump to generate
waves with different frequency components, and fed the
waves into the arterial model. The experiment then observed
the entrance flow of different sitesin model.

Il. METHODS

The whole study had two partial works. One wasto build a
hydraulic model of arteria system and the other was to
design the pump. The arterial model was to simulate the
vessel and the organs. We used two kinds of tubesto simulate
the vessel and different volumes of balloons to simulate the
different organs. In the hydraulic model, we used a network
of elastic tubes to simulate the vessels and balloons attached
to tubes end to simulate the organs. We divided the arterial

model into eight segments and six baloons (Figure 1).
Segment 1 and 2 were the aorta thoracalis. Segment 3 and 4
were the aorta abdominalis. Segment 5 was aorta coelica.
Segment 6 was the aorta gastrica. Segment 7 was the aorta
lienalis. Segment 8was the aorta hepatica. Balloon 1 wasthe
gastric. Balloon 2 wasthe splenic. Balloon 3 was the hepatic.
Balloon 4 wes the right renal. Balloon 5 was the left renal
and superior mesenteric. Balloon 6 wes the inferior
mesenteric.

The pump was constructed using a synthesizer, a
synchronizer, and a mechanical assembly. The synthesizer
ran an inverse fast Fourier transform (IFFT), and synthesized
the desired pressure wave. As most power of the blood
pressure waveform is included in the first five harmonics [4],
the desired pressure wave was determined by its first twenty
harmonics. The module and the phase of the harmonics were
input through the computer keyboard. The synthesized
pattern was stored in random access memory (RAM) of
2048* 12 bits. The RAM was roundly arranged with its output
guided by an addressing counter. The addressing counter
determined the output sequence of the RAM, and its initial
value set the phase of the desired pressure wave. The value
within the RAM was serialy sent to a digital-to-analogue
(D/A) converter, and an dectric wave corresponding to the
desired pressure wave was then generated.

The synchronizer used an animal’ s electrocardiograph
(ECG) for time gating, and synchronized the pump with the
animal’ s heartbeats. The mechanical assembly, converting
the electric wave into the real pressure wave, consisted of a
driving amplifier, a pump assemblage, and a reservair.
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Fig. 1 the arterial model
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1. RESULTS

The experiment showed that the latex tube was suitable to
simulate the vessel than the silicon tube. The volumes of
balloons were selected accordingto the size of organs.

In this study the performance of punp was considerate
The Bode plot (Figure 2) showed the pump had a flat
frequency response up to 50 Hz. However, the response
increased at 60 Hz.

The test of the sguare wave (Figure 3) showed an under
damping response beginning at 60 Hz. This behavior was
compatible with what the Bode plot indicated. The broad
frequency response makes the pump generate the pressure
waves to cover the heart rates of various animals, such as rats,
rabbits, cats, and dogs. The upper frequency limit of 50 Hz is
about the tenthharmonic of the rat’ s blood pressure.

The arterial model is suitable for studying the relation
between blood distribution and the frequency characteristics
of pressure. Using this model, we can redize how the flow
distribution will be affected by the different frequency of
pressure waves.

IV. CONCLUSIONS

This study had built a hydraulic model consisted of latex
tubes and small balloons to simulate the vessel and organs.
This study aso designed a pump to generate pressure waves
with accurate synchronization, great flexible and high fidelity.
Accurate synchronization not only synchronizes the pump
with the animal’ s heart beat-by-beat, but also couples the
generated pressure waves to the animal’ s circulatory system
with desired phase delay. Great flexibility makes the pumpto
generate the arbitrary pressure waves which are easly
synthesized by the harmonics of blood pressure. High fidelity
then ensures the generated pressure waves have minimal
harmonic distortion.
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Fig 2 Bode plot of the frequency response of the pump having aflat
frequency response up to 50 Hz. The frequency response hasarising gain
beginning from 60 Hz.
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Fig. 3 Generated pressure waves of the pump responding to square electric
waves. The under damping begins at the frequency of 60Hz

Such apump is potentially suitable for the arterial model to
verify how the flow distribution will be affected by the
frequency of pressure waves.
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